Abstract. Self-assembled monolayer (SAM) systems of alkanethiol and TTF-substituted alkanethiol molecules on Au substrate and metal nanoparticles are investigated. TTF-substituted alkanethiol molecules form charge transfer complex SAM with TCNQ molecules, where charge transfer (CT) rate becomes similar to that in bulk TTF TCNQ crystal. TTF-substituted alkanethiol SAMs with long alkyl chains shows Coulomb-blockade-type electron transport owing to the resistance of the long alkyl chain bridge. In Pt nanoparticles with alkanethiol SAMs on their surface, CT takes place from core Pt nanoparticle to surface SAMs, producing an electron deficient state in Pt core nanoparticle. Pd nanoparticles with SAMs of mixtures of alkanethiol and TTF-substituted alkanethiol molecules take a large reduction of the Pauli paramagnetic susceptibility, which is brought about by CT.
INTRODUCTION
In designing electronic devices, organic molecules are future promising building blocks, since the internal degrees of freedom in the molecules can contribute to producing a large variety of electronic functions. By assembling the molecules in intentional ways, molecule-based electronic systems can be produced with features different from traditional inorganic electronic systems. Among the important molecules employed in electronic devices, π-electron donors, in which the TTF-based molecules are most prototypical, work as an ingredient for electron transport systems or electron reservoirs. Indeed, a wide range of electronic systems have been produced so far using these molecules from semiconductor, metal, superconductor, to molecular magnet. The growth of physics and chemistry of the organic-molecule-based electronic materials [1] brings us to use the knowledge having been accumulated so far for architecting a new type of hybrid electronic systems with these molecules as ingredients.
Along this line of development of molecule-based hybrid systems, we have investigated alkanethiol and TTF-substituted alkanethiol self-assembled monolayer (SAM) on metal substrates, and metal nanoparticles with their surface covered by SAMs, where the interaction between the organic molecule SAMs and metal partners is expected to produce electronic features which give hints in developing advanced electronic devices. 2D electronic system of TTF SAM on metal substrate is interesting from point of producing 2D organic metallic or eventually superconducting sheet. It is also expected to architect multi-functional electronic devices on the basis of the multi-stage structure of metal nanoparticle/SAM surface hybrid systems [2] by employing a large variety of species of metal and organic molecules. SAMs of TTF derivatives with alkyl chains are formed on Au(111) substrate with three TTF  derivatives employed; TTF-CH 2 SH and EDT-TTF(SCH 3 )(SC 11 H 22 SH) and EDT-TTF(SC 11 H 22 SH) 2 , where the former two and the latter one have a single alkyl chain and double alkyl chains bonded to the TTF moieties, respectively, as shown in Fig.1 . By dipping a Au substrate into TTF derivative solutions with dichloromethane, 1,2-dichloroethane, or acetonitrile as solvent, SAMs are formed. From the Surface plasmon resonance (SPR) results, the thickness of the SAMs almost reaches the length of the molecule, suggesting that the molecules are standing perpendicular to the substrate. The formation of SAMs are confirmed by STM observations, which clearly show etch pits as evidence of SAM formation as shown in Fig.2 . In case of single long chain TTF derivative EDT-TTF(SCH 3 )(SC 11 H 22 SH), STM image does not show any indication of well formed SAMs. This implies that large structural degrees of freedom associated with the long alkyl chain and lower molecular symmetry make the SAMs disorderedly formed. Cyclic voltammetry measurements were carried out for studying the feature of electron transfer between the TTF backbone and the Au substrate for EDT-TTF(SC 11 H 22 SH) 2 SAMs with dichloromethane solvent and tetra-n-butylammonium perchlorate as a supporting electrolyte, in comparison to EDT-TTF(SC 11 H 22 SH) 2 =508 mV vs Ag/Ag + in the SAMs, roughly similar to those obtained for the solution case. This proves that EDT-TTF(SC 11 H 22 SH) 2 molecules maintain their redox activity in the SAMs. The peak-to-peak separations in EDT-TTF(SC 11 H 22 SH) 2 -SAMs are nearly proportional to the scan rates, although the peak potentials are independent of the scan rate for the SAM with a short alkyl chain TTF-CH 2 SH-SAMs [3] . This is the consequence of a potential drop at the long alkyl chains, which work as resistance in the electron transport similar to Coulomb blockade effect. EDT-TTF(SMe)(SC11H22SH)
TTF-SUBSTITUTED SAM LAYERS

EDT-TTF(SC11H22SH)2
Charge transfer complex (CT) SAMs can also be formed using the TTF-derivative-based SAMs. In the present experiments, CT complexes with TCNQ as acceptor are tried to be prepared in two preparation techniques for obtaining an optimum synthesis condition. In the first one, TCNQ is reacted with the TTF-CH 2 SH SAMs that is formed in advance. In this case, no CT complex is successfully obtained. In the second technique, the SAM forming process, which is traced by SPR measurement as a function of time, suggests a successful growth of TTF-CH 2 SH SAM TCNQ complex, where the thickness of the SAM is estimated as 1.59 nm, which is slightly longer than the molecular length of TTF-CH 2 SH. This implies that the TCNQ molecules are inserted in the gaps between TTF molecules, where the molecular axes are in parallel to each other. The CN stretching frequency of TCNQ detected with FTIR-RAS spectra shows the presence of TCNQ -ions. The charge transfer rate is estimated as 0.6, which is almost the same as that in bulk TTF TCNQ crystal.
PT NANOPARTICLES WITH THEIR SURFACES COVERED BY ALKANETHIOL SAM LAYERS
In contrast to 2D SAMs on metal substrates, the SAMs covering metal nanoparticles are subjected to the finite size electronic effect of the core nanoparticle. We prepared Pt nanoparticles with their surface covered by alkanethiol SAMs with long alkyl chains (C 18 H 37 SH) by reduction reaction of H 2 PtCl 6 with Li(C 2 H 5 ) 3 BH in the presence of C 18 H 37 SH in a THF solution. High resolution TEM observations and X-ray diffractions were carried out for characterizing the structural features. The sample size is found to decrease monotonically from 2.2 to 0.9 nm, as the molar ratio of C 18 H 37 SH to Pt increases from 0 to ca. 100%. This means that the average number of Pt atoms involved in a particle is lowered from ca. 400 to 30. Each nanoparticle is formed in a well defined crystalline phase of the fcc structure with its lattice constant of d 111 =0.227 nm as the bulk Pt crystal is. There are two issues which have to be taken into account in discussing the electronic properties of metal nanoparticle/SAM systems, that is; size effect and interface effect between the particle core and the covering SAMs. The size effect can be clearly revealed by the change in the magnetic properties. Figure 3 shows the particle diameter dependence of the Pauli paramagnetic susceptibility of Pt nanoparticles. The Pauli susceptibility grows as the particle size increases, which can be interpreted on the basis of the quantum size effect [7] . Actulally, in metal nanoparticles, the energy levels become discrete, where the discreteness is elevated from 0.025 to 0.35 eV as the particle size decreases from 2.2 to 0.9 nm. The Pauli susceptibility subjected by the quantum size effect is give as χ 0 = 2µ B 2 /δ, where δ is the energy discreteness that is related as δ~E F /N to the number of Pt atoms (N) in a particle with the Fermi energy E F . The theoretical estimation semiquantitatively reproduces the experimental results as shown in Fig.3 .
The second issue is the interaction between the core nanoparticle and the covering SAMs at the interface. In this connection, the localized spin concentration gives a clue in understanding what happens in the electronic structure at the interface. The Pt nanoparticles have localized magnetic moments in all the thiol/Pt ratio. Figure 4 shows the localized spin concentration per particle as a function of thiol/Pt molar ratio. The spin concentration of the naked Pt nanoparticle is negligibly small (0.04 per nanoparticle). This is in good agreement with that expected for the even electron system of Pt, in which the spin susceptibility tends to go zero at T=0 K, though the spin-orbit interaction modifies this feature.
However, the Pt nanoparticles covered with alkalinethiol SAMs have appreciable concentrations of localized spins (0.3-0.6 per particle), which are insensitive to the change in the thiol/Pt molar ratio. This means that the individual particles have at most one spin, or in other words, one or zero spin exists in a particle. This seems to contradict the even electron feature of Pt atom. Consistency between the experimental observation and the theoretical prediction is achieved by taking into consideration the modification of the electronic state at the interface. Indeed, the XPS spectra of Pt 4f and S 2p peaks are negatively and positively shifted by -0.6 eV and +0.8 eV, respectively, from those of Pt bulk metal and pristine alkanethiol. This evidences the presence of charge transfer from Pt core to S in the SAMs, making Pt core positively charged. Therefore, the electronic state of the Pt core deviates from the even electron system in the electron deficient state, giving rise to the enhanced spin concentration. The electron excess feature at the interface affects the spin-lattice relaxation mechanism in the ESR spectra. Figure 5 shows the thiol/Pt ratio dependence of the ESR line width and the g-value deviation from the free electron spin g-value. The thiol-coated Pt nanoparticles show a large increase in the line width from 2 mT to 111 mT and a large g-value deviation from 0.0004 to 0.3345 upon the elevation of thiol/Pt ratio from 0 to 1, suggesting the enhanced spin-orbit interaction. The spin-orbit interaction ζ is enhanced owing to the discontinuous change in the potential V as given in the following equation;
is the time average and ψ(r,E F ) is the wave function at E F and the interface. The electrons whose spins are observed in the ESR spectra are staying around the interface area in the thiol-coated Pt nanoparticles, where the potential change becomes discontinuous. Eventually, the large electron density at the interface effectively enhances the spin-orbit interaction.
PD NANOPARTICLES WITH THEIR SURFACES COVERED BY TTF-SUBSTITUTED ALKANETHIOL SAM LAYERS
When the electron donating groups are bonded to the SAMs, the charge transfer feature is expected to be modified in SAM-coated metal nanoparticles. We investigated Pd nanoparticles with their surface coated with SAM of EDT-TTF(SCH 3 )(S(CH 2 ) 10 SH) and C 18 H 37 SH mixtures. The pristine Pd bulk crystal is known to have a large Pauli paramagnetism owing the large density of states at E F [8] . In contrast, the Pd nanoparticles coated with the SAMs takes a large reduction of the Pauli paramagnetic contribution. This can be explained by the shift of the charge transfer between the Pd core and the SAMs, since the density of states at E F takes a maximum in the bulk state of Pd. The increase in the concentration of TTF content works to reduce further the susceptibility. This suggests that the TTF molecules play an important role in the CT process. It should be noted that the ESR signal, which takes a large line width (20mT) and g-value deviation (0.08) of the Pd origin, is switched to a sharp signal with no appreciable g-value deviation and a line width of 1 mT, which is assigned to the TTF donors of the SAMs, upon the elevation of the TTF content.
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